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The peripheral lymphocytes of the rabbit may be stimulated in vitro to trans- 
form into  immature  blast  cells  by sheep  antisera  to  rabbit  immunoglobulin 
G  (IgG)  and  to  rabbit  IgG  subunits  (L  chain,  H  chain,  Fab  piece,  Fc 
piece), suggesting that the peripheral lymphocyte contains IgG molecules (1). 
Studies  on lymphocytes from newborn rabbits using rabbit  anti-allotype sera 
(2)  and preincubation of lymphocytes prior to stimulation with  anti-allotype 
(3) sera indicate that the IgG molecules present in lymphocytes are produced by 
these cells and are not obtained from the environment. 
Recent  studies  by Van  Furthet  al.  (4)  demonstrate  that  cultures  of the 
peripheral lymphocytes of humans are capable of producing immunoglobulins 
of the three major classes; i.e., IgG, IgA, and IgM. The studies to be described 
in the present report were designed to determine if antisera specific for rabbit 
IgA and IgM would be capable of inducing blast transformation and DNA syn- 
thesis in peripheral lymphocyte cultures. The results indicate that anti-IgM is 
as  effective as  anti-IgG in  stimulating lymphoblast transformation  and  that 
anti-IgA is also stimulating,  although not as effective as the other antisera. 
Materials and Methods 
Production of Antisera.-- 
Anti-lgA:  Rabbit immunoglobulin A was obtained from the colostrum of newly delivered 
does by chemical precipitation of whey and Sephadex G-200  fractionation (5). The preparation 
was tested by immunoelectrophoresis against sheep and goat polyvalent antisera to rabbit 
whole serum and only  IgA was detectable. Each of two sheep was injected intramuscularly in 
the left shoulder and flank with 3 mg of IgA protein in 0.5 ml of saline emulsified with an equal 
volume of complete Freund's adjuvant  (control 478918, Difco Laboratories, Inc., Detroit, 
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Mich.). The same amount of IgA in incomplete Freund's adjuvant (control 481569, Difco) was 
administered into the right shoulder and flank 2 wk following the first injections. The sheep 
were bled and the sera obtained 4 and 8 wk following the second injections. Analysis of the 
antibody activity  by immunoelectrophoresis against  whole  whey  and  whole  rabbit  serum 
FIG.  1.  Characterization of sheep anti-rabbit IgA.  S,  whole rabbit serum; and W,  rabbit 
whey.  The  original sheep  antiserum reacted with four  proteins;  i.e.,  IgG, a-macroglobulin 
(aM), an unidentified whey protein, and IgA. The activity to IgG was removed by absorption 
with DEAE-derived IgG  (Abs 1);  the activity to aM  was removed by absorption with the 
first Sephadex G-200 peak obtained from rabbit serum (Abs 2); the reaction with the whey 
protein was removed by absorption with the second Sephadex G-200 peak obtained from rabbit 
whey (Abs 3). This resulted in an antiserum specific for IgA (sheep anti-IgA Abs 3). 
demonstrated  that these antisera contained reactivity against IgG, a-macroglobulin (aM), 
IgA, and an unidentified whey protein (W)  (Fig. 1). 
In order to obtain an antiserum specific for IgA,  10 ml of one of the sheep antisera was ab- 
sorbed with 2.0 mg of rabbit serum  IgG obtained  by  diethylaminoethylcellulose  (DEAE) 
chromatography (1).  7 ml of this absorbed anti-IgA was  then absorbed with 0.7  ml of the 
first Sephadex G-200 peak of whole serum  (a-macroglobulin, 'y-macroglobulin; 1.5  mg pro- 
teins). 6 ml of this absorbed antiserum was then absorbed with 0.5 ml of the second Sephadex 
G-200 peak of rabbit whey (uncharacterized whey protein, 5 mg protein). This resulted in an 
antiserum that only reacted with rabbit IgA (a-chain, Fig.  1). The reaction with a-chain was STEWART  SELL  395 
then removed by absorption of 2 ml of the specific anti-IgA serum with the first peak obtained 
after Sephadex G-200 fractionation of rabbit whey (IgA, 2.0 rag). 
Anti-IgM:  Rabbit serum IgM was obtained by block electrophoresis and Sephadex G-200 
fractionation. 20 ml of normal rabbit serum was concentrated to 12 ml by vacuum dialysis and 
separated by electrophoresis on a 25 ×  38 cm resin block (6). The concentrated eluates from 1 
cm cuts of the block were tested for protein content by immunoelectrophoresis using a goat 
polyvalent antiserum to rabbit whole serum. 2 ml of eluate containing no a-macroglobulin, but 
'V-macroglobulin, IgG, and other serum proteins were fractionated on a 2.5 X  100 cm Sephadex 
G-200 column using tris-buffered saline pH 8.6.  The eluates were monitored at 254 m/,t by 
an LKB unicord  (model 4701  A). 
FIG.  2.  Characterization of sheep anti-rabbit IgM.  I,  the first  Sephadex peak of rabbit 
serum; and S, whole rabbit serum. The original sheep anti-IgM reacted with both IgG and 
IgM. The reaction to IgG was removed by absorption with DEAE-derived rabbit serum IgG. 
The resulting antiserum was specific for IgM (sheep anti-IgM Abs). 
The eluates comprising the first peak were pooled and concentrated by vacuum dialysis. The 
peak of  one of the fractionations was found to contain only IgM by immunoelectrophoresis. 
A total of 1.0 mg of this preparation was injected into each of two sheep using the immunization 
procedure and schedule described above for IgA. The antisera obtained reacted with IgG and 
IgM when tested by immunoelectrophoresis against whole rabbit serum (Fig. 2). The reaction 
with  IgG was most likely due to antigenic determinants shared by the light chains of IgG and 
IgM.  10 ml of one of the antisera were made specific  for IgM (/~-chain) by absorption with 5 
mg of  DEAE-derived rabbit serum IgG (Fig. 2). The activity of  3  ml  of  the  specific  anti- 
IgM was  then removed by absorption with 0.3 ml of  the first peak  obtained  by  Sephadex 
G-200 fractionation of whole serum (i mg protein). 
Anti-IgG: Sheep antiserum specific for the Fc piece of DEAE-derived rabbit IgG ('y-chain) 
was that described in a previous paper (1). 396  STUDIES ON  RABBIT LYMPHOCYTES IN  VITRO. VI 
Lymphocyte Cultures.--The peripheral lymphocytes of healthy adult white rabbits of known 
immunoglobulin  allotype were obtained from  defibrinated blood, and were cultured in vitro 
as described previously (1). Each culture maintained 5 X  106 lymphocytes, 0.5 ml calf serum, 
and normal sheep serum or the sheep antiserum to be tested as indicated with the individual 
experiment.  The amount of blast transformation  was estimated histologically by recording 
the per cent of blast cells present in  smears of the cultures made after 48 hr, and the rate of 
DNA synthesis from 44 to 48 hr was determined by the incorporation of thymidine-14C by 
each  culture  (1). 
TABLE I 
Effect of Sheep Antiserum to Rabbit IgA on Rabbit Lymphocytes In Vitro 
Antiserum to*  Volume  Blast  ThymideA4C  transformation  uptake 
IgG, aM, W, IgA 
IgG, aM, W, IgA 
aM, W, IgA (Abs 1) 
aM, W, IgA (Abs 1) 
IgA (Abs 3) 
IgA (Abs 3) 
IgG, aM, W, IgA 
IgG, o~M, W, IgA 
aM, W, IgA (Abs 1) 
aM, W, IgA (Abs 1) 
IgA (Abs 3) 
IgA (Abs 3) 
--  (Abs 4)$ 
--  (hbs 4)~ 
rn/ 
1/2 
1/4 
1/2 
1/4 
1/2 
1/4 
1/4 
1/8 
1/4 
1/8 
1/4 
1/8 
1/4 
1/8 
% 
2 
40 
51 
69 
55 
25 
32 
2 
31 
24 
20 
24 
17 
13 
2 
1 
count~lo rain 
973 
1272 
1889 
1859 
1506 
1273 
1165 
756 
1499 
1109 
1683 
1324 
1124 
1342 
769 
950 
W -- unidentified whey protein. 
* For absorption of antisera see Fig. 1, all cultures contained 0.5 ml calf serum. 
:~ No activity by double-diffusion in agar test. 
RESULTS 
Induction of Blast Transformation and DNA Synthesis by Anti-IgA  (a-Chain) 
Serum.--The effect of the addition of the sheep anti-rabbit IgA serum prepared 
as indicated in Fig. 1 is presented in Table I. The original antisera reacted with 
IgG, IgA, a-macroblogulin, and an unidentified whey protein. Absorption of this 
antiserum with IgG (Abs 1) did not affect the ability of this antiserum to trans- 
form lymphocytes in vitro. Absorption of the activity to a-macroblobulin and 
the unidentified whey protein, producing an antiserum specific for IgA (Abs 3), 
reduced the effect on lymphocytes, but specific anti-IgA serum was still a potent 
stimulation of blast transformation and DNA synthesis. Removal of the specific 
reaction of the anti-IgA serum by absorption with an IgA preparation (Abs 4) 
abolished the blastogenic activity of the sheep serum. STEWART  SELL  397 
TABLE  H 
Effect of Sheep  Antiserum to Rabbit IgM on Rabbit  Lymphocytes  In Vitro 
Blast  Thymide uC  Antiserum to*  Volume  transformation  uptake 
IgG, IgM 
~gG,  IgM 
IgM (Abs 1) 
IgM (Abs I) 
Ig6, IgM 
IgG, IgM 
IgM (Abs 1) 
IgM (Abs 1) 
(Abs 2)~ 
(Abs 2) :~ 
ml 
1/2 
1/4 
1/2 
1/4 
1/4 
1/8 
1/4 
1/8 
1/4 
1/8 
% 
2 
35 
16 
25 
17 
2 
21 
25 
24 
30 
2 
<1 
¢ounts/lO easn 
973 
1899 
1241 
1204 
1229 
615 
1197 
1560 
1464 
1098 
5~ 
409 
* For absorption of antisera see Fig. 2, all cultures contained 0.5 ml calf serum. 
No antibody activity by double diffusion in agar test. 
TABLE  III 
Effect of Sheep Antisera  Specific  forT-Chain  (IgG), a-Chain  (IgA),  and u-Chain  (IgM)  on 
Rabbit  Lympkocytes In Vi#o 
Anti-'y-chain (IgG)  Anti-a-chain (IgA)  Anti-p-chain  (IgM) 
Volume* 
Blast  Thymidine-UC 
transformation  uptake 
ml 
1/2 
1/4 
1/8 
1/20 
1/40 
1/80 
1/2 A~ 
1/4 A~ 
Blast  Thymide-UC 
transformation  uptake 
%  counts/lO  rain 
< 1  870 
42  2063 
66  2245 
79  2891 
26  1595 
17  1224 
2  913 
<1  907 
2  1005 
Blast  Thymldine~14C 
transformation  uptake 
%  counts/lO  mls 
<1  697 
13  1416 
21  1469 
25  1953 
5  1126 
6  1523 
<1  677 
<1  966 
< 1  824 
% 
<2 
81 
65 
73 
39 
34 
19 
1.5 
<1 
counts/lO min 
805 
2O87 
1703 
1389 
1186 
1004 
9O7 
780 
755 
* 0.5 ml calf serum added to each culture. 
A, indicates the given antisera was absorbed with the homologous  immunoglobulin so 
that no activity was demonstrable by gel diffusion. 
Induction of Blast Transformation and DNA Synthesis by Anti-IgM (u-Chain) 
Serum.--The effect of the addition of the sheep anti-rabbit IgM serum prepared 
as indicated in Fig. 2 is presented in Table II. The original  antiserum reacted 
with IgG and IgM. Absorption of this antiserum with IgG (Abs 1) did not affect 398  STUDIES  ON  RABBIT  LYM~PHOCYTES  IN  VITRO.  VI 
the ability of this antiserum to stimulate lymphocytes in vitro. Absorption  of 
the specific anti-IgM serum  with an IgM preparation  (Abs 2)  removed  the 
ability of this antiserum to stimulate lymphocytes. 
Comparison of the Effect of Sheep A ntisera Specific for T-Chain (IgG), a-Chain 
(IgA),  and ~z-Chain (IgM)  on Rabbit Lymphocytes In  Vitro.--The effect of a 
sheep antiserum prepared  against the Fc piece of rabbit IgG (1), which did not 
react with rabbit IgA or IgM (anti-T-chain), and the absorbed sheep antisera 
specific for IgA (anti-a-chain) and IgM (anti-/z-chain)  were tested on lympho- 
cytes obtained from the same donor rabbit at 2-wk intervals.  The optimal dose 
of the anti--7-chain and anti-/z-chain sera resulted in a maximum per cent trans- 
formation of approximately the same  degree;  i.e.,  80%.  The maximum ob- 
tained with the anti-~-chain serum was 25 % (Table III). The maximum DNA 
synthesis stimulated by the anti--T-chain serum was greater (2891 counts/10 
rain) than that obtained by anti-a-chain and anti-/z-chain serum (1953 and 2087 
counts/10 rain). 
DISCUSSION 
The  ability of sheep  antisera specific for rabbit a-chains  (IgA), T-chains 
(IgG),  and/z-chains (IgM) to induce blast transformation and DNA synthesis 
in vitro cultures  of the peripheral  lympl~ocytes of rabbits indicates  that the 
peirpheral  lymphocyte may be capable of producing all three of the major im- 
munoglobulin groups. Such a condusion appears  justified by previous  studies 
which indicated that the ability of lymphocytes to be transformed by specific 
antisera could not be conferred upon lymphocytes by environmental proteins 
(2, 3). Greater than 80% of the viable lymphocytes  from the same normal donor 
were transformed at the optimal dilution  of the antiserum to T-chain and of the 
antiserum to/z-chain. Since this is therange of the maximum per cent of lympho- 
cytes transformed with any antiserum or other agents in our system, it may be 
concluded that most, if not all, small lymphocytes carry or have the capacity 
to synthesize IgM and IgG molecules. The antiserum specific for IgA stimu- 
lated  no  more  than  32%  of  the  lymphocytes in  any  of  the  lymphocyte 
cultures. This may mean that: (a) only 1~_1/~ of the peripheral lymphocytes are 
capable  of synthesizing  IgA; or  (b)  that the antiserum used  was not strong 
enough to induce a greater amount of transformation. The optimal dilution of a 
second sheep antiserum made specific for rabbit a-chain was also only capable 
of producing a maximum of 22 % blast transformation in two experiments sug- 
gesting  that the strength of the antiserum is not the primary factor in the 
relatively low lymphocyte transformation effect with antisera to IgA. 
There are conflicting reports  concerning the ability of one cell to produce 
antibody of two spedficities or immunoglobulins of two different groups (7-16). 
The present data suggest that at least one-fourth of the peripheral lymphocytes 
carry or have the capacity to synthesize molecules of the three major immuno- 
globulin groups (IgA, IgG, and IgM) and the remaining three-fourths  carry or STEWART  SELL  399 
have the capacity to produce molecules of two immunoglobulin groups  (IgG 
and IgM). This does not necessarily mean that each lymphocyte is manufactur- 
ing more than one immunoglobulin type at the same time, but only that each 
lymphocyte contains the antigenic determinants of more than one immuno- 
globulin group at the same time. The data are consistent with, but do not con- 
firm, the possible transition of synthesis of/z-chains (IgM) to "},-chains (IgG) by 
a given cell following antigenic stimulation (17). 
Van Furth et al. (4)  have recently demonstrated that  cultures  of  the  pe- 
ripheral lymphocytes of the human will incorporate radio-labeled amino acids 
into all three major immunoglobulln groups. In addition, a small proportion of 
the  medium sized  lymphocytes from  the  peripheral  blood  showed  positive 
specific  localization of one of these immunoglobulins by immunofluorescence 
(4). However, most lymphocytes did not stain for any immunoglobulin and the 
small lymphocytes were only positive for IgM. We have been unable to demon- 
strate immunoglobulins by the fuorescent antibody technique in the peripheral 
lymphocytes obtained from rabbits  (18).  Although quantitative data are not 
available, the induction of blast transformation by specific antisera appears to 
be a much more sensitive method for the identification of immunoglobullns in 
lymphocytes than the fluorescent antibody technique. 
SUMMARY 
Sheep  antJsera specific  for the three major immunoglobulln groups of the 
rabbit, i.e.  IgG ('y-chain), IgA (a-chain), and IgM (~-chain), are each able to 
induce blast transformation of the peripheral lymphocytes of the rabbit when 
added to in vitro cultures. The per cent of lymphocytes transformed with each 
antiserum indicate that one-fourth of the peripheral lymphocytes carry or have 
the capacity to synthesize molecules of all three of the major immunoglobulln 
groups,  and that the remaining three-fourths carry or have the capacity to 
synthesize only two (IgG and IgM). The data do not permit direct conclusions 
concerning the ability of a single cell to produce molecules belonging to more 
than one immunoglobulin group at the same time, or the ability of a given cell 
to make a  transition from the synthesis of molecules of one immunoglobulin 
group to those of another group. 
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